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Synthesis and Photochromic 
properties 
 
In this chapter, the syntheses of star-shaped dithienylethene-substituted 
hexaphenylbenzenes 8 and 9 through a dicobalt octacarbonyl-catalyzed 
cyclotrimerization reaction are described. This reaction represents a direct facile 
method for the preparation of hexaphenylbenzene-centered multi-dithienylethene 
systems. The photo- and electrochemical properties of these compounds are 
reported. All six dithienylethene units in 8 and 9 can undergo photoisomerization 
between open and closed states and notably significant intramolecular 
communication between the photochromic units is absent; an effect attributed to 
the twisted conformation of the hexaphenylbenzene core.  
 
 


















6.1   Introduction 
Highly symmetrical, star-shaped molecules, such as hexaarylbenzenes have gained 
considerable attention due to their application in the preparation of modern graphitic 
materials,1 with potential applications in the area of molecular electronics. For instance, 
these materials can be used to investigate basic aspects of energy storage in chromophore 
aggregates,2 self-assembly properties,3 energy transfer,4 charge delocalization,5 and guest-
inclusion organic crystals directed to organic zeolites.6  
In 2007 Meijer, Schenning and co-workers reported the synthesis of star-shaped oligo(p-
phenylenevinylene) (OPV) substituted hexarylbenzene 1 as shown in Figure 1.7 In apolar 
solutions, 1 exhibits molecular self-assembly in a highly cooperative fashion into right-
handed chiral superstuctures, which are stable even at high temperatures and low 
concentration. This shows that the stability of π-stacked fibers can be enhanced by using a 
hexaarylbenzene scaffold in which the number of π-conjugated systems is increased 
without using other non-covalent interactions such as hydrogen bonding. At the solid-liquid 
interface, star-shaped OPV 1 also forms organized monolayers having a chiral hexagonal 
lattice. These properties make the star-shaped OPV potentially useful in the field of 
supramolecular chemistry.  
               
Figure 1. a) Star-shaped oligo(p-phenylenevinylene)-substituted hexaarylbenzene 1, b) and 
c) STM images of 1 at the 1-phenyloctane-HOPG interface. The bright rods are the OPV-
units.7  
 
The groups of Hoger and De Feyter synthesized large two dimensional oligo(arylene 
ethynylene) molecular spoked wheels 2 (Figure 2) in order to explore the optical properties 
of rigid 2D oligomers.8 They used a star-shaped hexaarylbenzene as a scaffold for a rigid 









Star-Shaped Dithienylethene-Substituted Hexaphenylbenzene: Synthesis and 
Photochromic properties 
persistence of these large wheel-like molecules is confirmed by a clear STM image of 
oligomer 2 (Figure 2c). 
        
Figure 2. a) Structure of molecular spoked wheel 2, b) Schematic representation of rigid 
2D oligomers with side groups above and below the molecular plane and at the periphery 
and c) STM image of 2D oligomer 2 immobilized on graphite.8  
 
Furthermore, the mimickry of the natural light-harvesting (LH) apparatus has been 
continuously attempted via the design and synthesis of various types of covalently-linked 
porphyrin arrays (e.g. linear arrangement9). Kim and co-workers reported a synthesis of the 
star-shaped hexaporphyrin-substituted hexaphenylbenzene 3 in which porphyrins are 
arranged in a cyclic manner as shown in Figure 3.10 Time-resolved fluorescence 
measurements show that these systems are governed by through space interactions between 
the porphyrins in the array systems.4 The observed excitation energy hopping rates of 3 are 
close to those of B800 and B850, respectively, (B800 and B850 are the circular 
bacteriochlorophyll complexes in purple bacteria) in the LH2 bacterial light-harvesting 
antenna. Thus, these cyclic porphyrin arrays have proven to be useful in understanding 












Figure 3. Star-shaped porphyrin-array substituted hexaphenylbenzene 3.4,10  
 
Fullerodendrimers 4-6 with hexaphenylbenzene cores and peripheral C60 moieties have 
been synthesized by Nierengarten and co-workers.11 They demonstrated that a metal-
catalysed cyclotrimerization of the corresponding dendritic bis(aryl)alkyne is well suited to 
the synthesis of fullerene-rich dendrimers as shown in Figure 4. The electrochemistry of 
these dendrimers was investigated. Upon reduction, only fullerene dendrimers 5 and 6 are 
adsorbed on the electrode surface. This is a common characteristic of dendrimer systems 
because van der Waals forces with the surface increase with increasing generation, while 
the solubility diminishes. Furthermore, C60 units can then be reduced by successive electron 
hopping between C60 units. This system shows the possibility of tuning their properties by 
changing the number of functional units within the branched structure. 
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 In addition, hexaphenylbenzenes (HPBs) are direct precursors of hexabenzocoronene 
(HBC) derivatives, which are potential candidates for organic semiconducting materials in 
field-effect transistors (FETs), hole-conducting layers in photovoltaic devices, and 
molecular wires in molecular electronics.12 It is for these reasons, that star-shaped 
dithienylethene-substituted hexaphenylbenzenes, which are based on the dithienylethene 
photochromic units, i.e. six photochromic units are arranged in a regular manner and held 
together by a central benzene core; are investigated in the present study. These compounds 
can serve in exploring the basic photochemical behaviour of such 6-fold symmetric 
molecular arrangements. The construction of covalent multi-photochromophore assemblies 
requires a robust photoactive unit. Dithienylethene subunits were chosen because they have 
been shown to be versatile materials in functional molecular based systems, allowing for 
reversible photochemical control of properties as diverse as fluorescence,13 self-assembly,14 
and molecular conductivity.15 Interchromophore interactions are a key issue in multi-
component systems. As noted in chapter 2, only one photochromic dithienylethene unit 
undergoes photoisomerization when two units are connected in one system through a 
covalent (C-C) bond,16 however, when the dithienylethene dimer is connected with phenyl 
group, it can convert to the doubly-closed form.17 Different results are observed for systems 
with the same photochromic units but different covalent bridging units. Thus, the 
photochromic behavior of multi-component systems has proven to be sensitive to the nature 
of the bridging unit.18 For this purpose, we focused our attention on the design and 
synthesis of a multi-photochromic dithienylethenes, in which six dithienylethene units were 
linked covalently to form a single molecule using cobalt-catalyzed cyclotrimerization 
reactions. In this chapter the characterization and photo- and electrochemical studies of a 
new type of star-shaped hexadithienylethene substituted hexaphenylbenzene 8-9 are 
described, in which a minor change in the structural design of the alkyl chain moieties is 
introduced in order to enhance the solubility in compound 9 by using a branched alkyl 
chain. In addition a model compound 7, consisting of one dithienylethene substituted 
hexaphenylbenzene is described. Moreover, the hexaphenylbenzene core is a precursor for 
the synthesis of hexabenzocoronene via oxidative cyclodehydrogenation. With this in mind, 
we chose to use the perfluoro dithienylethenes, as they possess a higher oxidation potential 
than their perhydro analogues, and thus may not be involved in the oxidation process of the 












Scheme 1. Structures of dithienylethene-substituted hexaphenylbenzene 7-9. 
6.2   Synthesis of Model Compound 7 
 
A retrosynthetic analysis for monodithienylethene hexaphenylbenzene 7 is shown in 
Scheme 2. The crucial step in the synthesis is the Suzuki coupling between the boronic acid 
intermediate prepared from dithienylethene 10 and iodo-hexaphenylbenzene 11. A 
Sonogashira coupling of 4,4’-diiodobiphenyl 15 and phenylacetylene 14 was employed for 
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Scheme 2. Retrosynthetic analysis of mono-dithienylethene substituted hexaphenylbenzene 
7. 
 
A synthetic route to compound 7 is described in Scheme 3. The first step in the synthesis of 
iodo-hexaphenylbenzene 1119 is a Sonogashira coupling of 4,4’-diiodobiphenyl 15 with one 
equivalent of phenylacetylene 14 to provide alkyne 13 in 42% yield. A Diels-Alder reaction 
of 13 with tetraphenylcyclopentadienone 12 provided the iodo-hexaphenylbenzene 11 in 
83% yield. Dithienylethene 10 was treated with t-BuLi at ambient temperature, followed by 
B(OBu)3 to provide the boronic acid intermediate, which was reacted with compound 11 in 












Scheme 3. Synthesis of monodithienylethene substituted hexaphenylbenzene 7. 
6.3   Synthetic Strategy of Star-Shaped Dithienylethene-
substituted Hexaphenylbenzene 8 and 9 
 
The first attempts to synthesize star-shaped dithienylethene substituted hexaphenylbenzenes 
involved a divergent route requiring a six-fold Suzuki coupling reaction (Scheme 4). A 
Suzuki reaction using hexakis-bromo-hexaphenylbenzene compound 16 has been described 
in the literature.20 Unfortunately, this reaction does not succeed with the boronic acid, 
prepared from dithienylethene 10. Even in the presence of a large excess of boronic acid 
(12 equiv), the starting materials were recovered, and the products appeared to be mixtures 
of regioisomers. Indeed, it has been reported previously,19 that palladium-catalyzed 
coupling reactions involving two large reactants generally proceed poorly, even if both are 
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Scheme 4. Attempted six-fold Suzuki coupling reaction. 
An alternative route to the star-shaped dithienylethenes 8 and 9 is via a [2+2+2] 
cyclotrimerization of tolanes. It is a well-known method for the synthesis of 
hexaarylbenzenes with diverse substituents typically in good yields,21 even where the 
substituents were dendrons with large volumes.22 The retrosynthetic analysis for 
compounds 8 and 9 is described in Scheme 5. After synthesis of the dithienylethene 
monomers 17 and 18, dimerization through an alkyne bridge is required to obtain bis-
dithienylethene acetylenes 19 and 20. Subsequently, these compounds were subjected to 
cobalt-mediated cyclotrimerization. 
 
Scheme 5. Retrosynthetic analysis of star-shaped dithienylethene-substituted 











6.3.1   Synthesis of Dithienylethene Monomer 17 and 18 
Compounds 17 and 18 were synthesized according to Scheme 6. First, iodination of 4-
bromo-biphenyl 21 proceeded smoothly with molecular iodine and iodine pentoxide in 
nitrobenzene in the presence of a small amount of carbon tetrachloride and sulfuric acid to 
obtain 4-bromo-4’-iodobiphenyl 22 in 58% yield.23 Treatment of dithienylethene 10 with t-
butyllithium and subsequent reaction with tri-n-butylborate provides a boronic acid 
intermediate, which was reacted with compound 22 in the presence of a palladium catalyst 
to yield compound 17 (74%). Introducing a branched alkyl chain was achieved by 
demethylation of 17 with BBr3, then ether formation with (S)-1-bromo-3,7-dimethyloctane 
24, to give dithienylethene monomer 18 in 57% isolated overall yield. Intermediate 24 was 
prepared by hydrogenation of (S)-8-bromo-2,6-dimethyl-2-octene 23 in 90%. The 
compounds were purified by column chromatography and characterized by 1H and 13C 
NMR spectroscopy and MALDI-TOF mass spectroscopy (see experiment section for 
details). 
 
Scheme 6. Synthesis of dithienylethene monomers 17 and 18.  
6.3.2   Synthesis of Bis-dithienylethene Acetylene 19 and 20 
 
The first approach to the synthesis of bis-dithienylethene acetylene switches involved a 
Sonogashira coupling reaction. Grieco and coworkers have reported a one-pot synthesis of 
symmetrical bisarylethynes.24 A modification of the Sonogashira coupling reaction 
employing an amide base (i.e. DBU) and substoichiometric amounts of water, in addition to 
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deprotection of trimethylsilyethyne (Scheme 7). The target compound 19 was synthesized 
in 18% yield using this method, however, this system does not provide a sufficiently high 
yield. An alternative to the Sonogashira coupling reaction of two aryl fragments is the Stille 
coupling reaction (Scheme 8). The bis-dithienylethene acetylenes 19 and 20 were prepared 
in 66 and 67% yield, respectively, by a double Stille-type25 coupling of dithienylethenes 17 
and 18 with commercially available bis-(tributylstannyl)acetylene. The most important 
drawback of the Stille coupling is that the tin salts formed during the reaction are very 
toxic. Hence, this reaction should be handled with extra precautions.  
 
 
Scheme 7. Synthesis of 19 via Sonogashira coupling reactions. 
 
 















6.3.3   Synthesis of Star-Shaped Dithyenylethene-Substituted 
Hexaphenylbenezene 8 and 9 
 
As discussed above, the methods for the synthesis of compounds 8 and 9 are based on 
cobalt-catalysed cyclotrimerization. The choice of the appropriate catalyst was the key to 
this synthesis. Indeed, dicobalt octacarbonyl [Co2(CO)8] appeared to be a good candidate. It 
is a known catalyst for the cyclotrimerization of alkynes providing a series of star-shaped 
hexaaryl or –heteroaryl benzene derivatives.21,26 Cyclotrimerization of bis-dithienylethene 
acetylene 19-20 was carried out using a catalytic amount of [Co2(CO)8] heated at reflux in 
dioxane under an argon atmosphere affording compounds 8 and 9 in 44 and 66% yield, 
respectively (Scheme 9). Star-shaped dithienylethene substituted hexaphenylbenzenes 8 and 
9 were soluble in common organic solvents (such as dichloromethane, chloroform, 
toluene), and were characterized by 1H-NMR, 13C-NMR, and MALDI-TOF mass 
spectrometry. 
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The 13C-NMR spectra of 19, 20, 8 and 9 are shown in Figure 5. The formation of the 
hexaphenylbenzene core derivatives 8 and 9 are based on comparison of the 13C NMR 
spectra of 8 and 9 with 19 and 20.11 In particular, the characteristic resonances 
corresponding to the sp-hybridized C atom at δ = 90.2 ppm for compounds 19 and 20 are 
not present for 8 and 9, whereas an additional resonance around δ =136.8 ppm is observed 
in the spectra of 8 and 9. The signal is attributed to the six equivalent sp2-hybridized C 
atoms of the central phenyl cores of 8 and 9 and the data are similar as those described in 
the literature.11 Further conclusive evidence came from MALDI-TOF spectrometry of 8 and 
9. The MALDI-TOF spectra showed molecular ions peak at m/z = 3824, and 4581, in 
accordance with the molecular mass of structure 8 and 9, respectively.  
The mechanism involved in the cobalt-catalyzed [2+2+2] cycloaddition is generally 
accepted to involve several steps and organometallic species as outlined in Scheme 10. The 
mechanism described here is an abbreviated version of the Knox-Pauson-Spicer 
mechanism.27 The first step, elimination of two CO ligands leads to the unsaturated species 
[Co2(CO)6], which reacts with acetylene to give the dicobalttetrahedrane complex A, 
containing a bridging acetylene ligand. By subsequent elimination of CO and insertion of 
one molecule of acetylene, complex A is converted to intermediate B, which contains a 
cobalt-cyclopentadiene unit π-bonded to the other cobalt atom. A Diels-Alder type reaction 
of B with another acetylene molecule leads to intermediate C, which is followed by thermal 
elimination of the benzenoid product. 
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6.4   Photochromic Properties 
The UV-vis absorption data for 7-9 and 17-20 are summarized in Table 1. It should be 
noted that upon irradiation of the open forms with UV light (365 nm) in all cases a 
photostationary state (PSS) is obtained (>90%). The absorption maxima of the open and 
closed forms of all compounds appear around 320 and 602 nm, respectively. The switching 
behavior of the compounds 7-9 and 17-20 is excellent. The photochromic switching can be 
performed over several cycles without degradation. 
Table 1. Electronic properties of open and closed forms in toluene 
Compound 
 
Abs λmax / nm (ε /103 M-1cm-1) 
Open form 
Abs λmax / nm (ε /103 M-1cm-1) 
Closed form 
7 316  (50) 359 (31.5), 602 (20.1) 
8 324 (290) 357 (201.3), 602 (120.9) 
9 324 (304) 359 (222), 602 (131) 
17 290 (65.6) 345 (31.0), 596 (17.3) 
18 312 (51.9) 348 (35.3), 602 (21.4) 
19 347 (106.1) 396 (89.5), 605 (48.3) 
20 344 (102) 366(91.0), 607(50.9) 
 
Figure 6 shows the UV/Vis absorption spectra of the open and closed form of the star-
shapped dithienylethene-substituted hexaphenylbenzene 8 and 9 in toluene. Upon 
irradiation of 8 and 9 with 365 nm light, the colorless solution of the open forms turned 
blue, in which the absorption maxima of both 8 and 9 were observed at 602 nm. The 
absorption maxima of the closed form 8 and 9 show a negligible blue shift of 2-4 nm 
compare to 19 and 20, respectively. This is due to the twisted orientation of the 
hexaphenylbenzene core of 8 and 9. Delocalization over the entire system is therefore not 
effective. The absorption spectrum of 8o is characterized by a single maximum at 324 nm 
(ε= 290,000 M-1cm-1), the molar absorptivity of which was ca. 6 times larger that of 7o (316 
nm, ε= 50,000 M-1cm-1). Upon irradiation with UV light at 365 nm, both 7o and 8o undergo 
photocyclization, and two absorption bands appear in the visible region, corresponding to 
7c and 8c, respectively (Scheme 11), with the same maximum at 602 nm. The molar 
absorptivity of 8c (120,900 M-1cm-1) was six times that of 7c (20100 M-1cm-1), confirming 
that the photoreaction of all photochromic dithienylethene units of 8 was essentially 
complete upon irradiation with UV light (Figure 7). The same absorption maximum of the 
closed form of 7c and 8c suggested that in the star-shaped dithienylethene substituted 
hexaphenylbenzene 8 the chromophores are essentially independent and that there are no 

































Figure 6. UV/Vis absorption spectra of 8 and 9 in open and closed form in toluene. 
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Scheme 11. Photochromic reaction of 7-9 described in this chapter. 
6.5   FTIR and Raman Spectroscopy 
An essential prerequisite to the successful application of organic materials to memory 
devices is the achievement of non-destructive readout. Although, the open and closed states 
show large differences in their respective UV-Vis spectra, the use of visible detection is 
often unsuitable for non-destructive readout as visible irradiation results in ring opening. In 
contrast to optical detection in the visible region, FTIR spectroscopy has proven useful in 
achieving non-destructive readout.28 In addition, Raman spectroscopy offers a 
complimentary non-destructive readout approach to FTIR spectroscopy, owing to its quite 
different technical requirements and its use of near-IR radiation and CCD detectors.29 An 
extensive investigation of the IR and Raman vibrational structure of dithienylethene was 
reported previously by our group.30 The FTIR spectra of 7-9 were recorded in the range of 
4000-500 cm-1. The FTIR spectra of 7-9 for both open and closed forms (Figure 8) are in 
close agreement with spectra reported previously.30  Comparison of the IR spectra of 7-9 
indicates that absorption at ~1450 cm-1 is associated with the central cis-bis(trans-











changes are observed whereas, in particular the ring breathing vibration at ~1737 and 1492 
cm-1 reflects the formation of the closed form. However, the strong C-F vibrations in the 
1000-1400 cm-1 fingerprint region obscure the vibration of the central dithienylethene core, 
rendering them unavailable for use in monitoring ring opening/closing reaction. The close 
similarity of the three systems highlights the isolation of the photochromic units in the 
hexamers. 
 
Figure 8. Overlay of IR spectra of a) 7, b) 8 and c) 9 in both open (solid line) and closed 
(dotted line) forms. 
1 8 0 0 1 6 0 0 1 4 0 0 1 2 0 0 1 0 0 0 8 0 0
c m - 1
a )
1 8 0 0 1 6 0 0 1 4 0 0 1 2 0 0 1 0 0 0 8 0 0
c m - 1
b )
1 8 0 0 1 6 0 0 1 4 0 0 1 2 0 0 1 0 0 0 8 0 0
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The solid state Raman spectra of the open and closed form of dithienylethene 7-9 were 
recorded by excitation at 785 nm (Figure 9). In contrast to the IR spectra in the Raman 
spectra of the dithienylethene switches, the C-F vibration of hexafluorocyclopentene unit 
(e.g. 1340, 1288, 1200 cm-1), in particular in the 1000-1400 cm-1 region are weak compared 
to the alkene and aromatic absorptions in the 1400-1650 cm-1 region. The C=C vibrational 
modes responsible for the absorption in this latter region are relatively unaffected by 
overlap with those of the hexafluorcyclopentene unit. The dithienylethene 7-9o based 
absorption at ~1604 and 1470 cm-1, which is weak in the IR spectra, is quite strong in the 
Raman spectra.30 Ring closing of the open form results in a remarkable change in the 
Raman spectra. In addition, a large increase in intensity of bands associated with the 
dithienylethene core, assigned to the extended conjugated cis-bis(trans-butadiene) unit at 
~1504 and 1490 cm-1.30 Thus, Raman spectroscopy offers an alternative approach to IR 
spectroscopy for non-destructive readout of dithienylethene switches, on account of the 
large intensity differences between the Raman spectra of the open and closed forms.   
 
Figure 9. Overlay solid state Raman spectra of a) 7, b) 8, and c) 9 in both open (---) and 
closed (─) forms, solid samples were deposited on gold surface, λex = 785 nm. 
 
1 8 0 0 1 7 0 0 1 6 0 0 1 5 0 0 1 4 0 0 1 3 0 0 1 2 0 0 1 1 0 0 1 0 0 0
c m - 1
a )
1 8 0 0 1 7 0 0 1 6 0 0 1 5 0 0 1 4 0 0 1 3 0 0 1 2 0 0 1 1 0 0 1 0 0 0
c m - 1
b )
1 8 0 0 1 7 0 0 1 6 0 0 1 5 0 0 1 4 0 0 1 3 0 0 1 2 0 0 1 1 0 0 1 0 0 0













6.6   Redox Properties 
 
The electrochemical properties of all compounds are summarized in Table 2. In the open 
state, all of the compounds examined exhibit an irreversible oxidation process at more 
positive potentials than for the closed state and on the return cycle two new reversible redox 
processes are observed at potentials coincident with those of the closed form. These results 
indicate that similar electrochemical behavior occurs as reported previously for related 
dithienylethenes.31 The redox chemistry of the open form of 7 is characterized by an 
irreversible oxidation at Ep,a = 1.42 V [vs SCE] as shown in Figure 10a. On the return cycle, 
two new reduction processes are observed at potentials coincident with those of the closed 
form. This indicates that oxidative ring closure to 7c2+ is occurring. Intermediate 7c2+ can 
then be reduced, first to 7c+ and finally to 7c. The electrochemical characteristics together 
with the absence of a redox process between -2 and 1.5 V for the iodo-hexaphenylbenzene 
11, supports the assignment that the oxidative processes observed are centered on the 
dithienylethene unit. In the closed state, 7 shows less positively shifted redox waves than in 
the open form, which indicates destabilization of the HOMO in the closed form. Two fully 
reversible redox processes are observed at 0.78, and 0.92 V [vs SCE], assigned to two one-
electron oxidation steps (Figure 10b). These two oxidation processes are in good agreement 
with the two oxidation processes that appear when oxidizing the open form and were 
assigned to the closed form. Similarly, two irreversible reduction steps are observed at -
1.24 and -1.61 V [vs SCE] (not shown). 
Table 2. Redox properties of open and closed forms  
Compound Open form Closed form 
 Ep,a E1/2 
 
Ep,c 
7 1.42 (irr) 0.78, 0.92 -1.20 (irr), -1.58 (irr) 
8 1.34 (irr) 0.79, 0.86 -1.24 (irr), -1.61 (irr) 
9 1.29 (irr) 0.78, 0.87 -1.33 (irr), -1.85 (irr) 
17 1.34 (irr) 0.80, 0.93 - 
18 1.34 (irr) 0.80, 0.93 - 
19 1.40 (irr) 0.79, 0.90 - 
20 1.32 (irr) 0.79, 0.92 - 
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Figure 10. Cyclic voltammetry of a) open form and b) closed form of 7 in 0.1 M 
TBAPF6/CH2Cl2 vs SCE at 0.1 V s-1.  
 
The star-shaped dithienylethene substituted 8 is characterized by an irreversible oxidation at 
Ep,a = 1.34 V [vs SCE] leading to oxidative ring closing to 8c2+ (Figure 11a). This 
component can then be reduced, first to 8c+ and finally to 8c. However, more complicated 
redox processes are observed subsequent to the irreversible oxidation at 1.34 V. The 
polycationic species is insoluble in CH2Cl2, which results in its precipitation on the 
electrode surface. As a consequence, on the subsequent cathodic sweep a surface confined 
(non-diffusion dependent) process takes place,32 observed as a desorption spike at 0.83 V, 
where the precipitated polycationic molecules are reduced to the more soluble 8c+ state, 
allowing it to desorb form the surface of the electrode and return to solution. The 
polycationic species corresponds to the oxidation of the six units of electroactive 
dithienylethene substituted on hexaphenylbenzene core. In the closed state, two reversible 
oxidation processes are observed at 0.79 and 0.86 V [vs SCE], respectively (Figure 11b). 
These two oxidation processes are in good agreement with those of the closed form of 7. 




















































Figure 11. Cyclic voltammetry of a) open form and b) closed form of 8 in 0.1 M 
TBAPF6/CH2Cl2 vs SCE at 0.1 V s-1. 
 
Cyclic voltammetry of 9 in 0.1 M TABPF6/CH2Cl2 shows an irreversible oxidation at 1.29 
V [vs SCE] {9o→9c2+ }, which gives rise to two reversible redox waves between 0.6 and 
1.0 V [vs SCE] {9c2+→9c1+→9c} as depicted in Figure 12a. The two reversible redox 
processes are clearer when observed using differential pulse voltammetry (DPV). Indeed, 
the desorption spike upon reduction of the polycationic species in 8 is not observed in 9 due 
to its higher solubility. For the closed state of 9, two reversible oxidation processes are 
observed at 0.78 and 0.87 V [vs SCE], respectively (Figure 12b). These two redox 
processes are in good agreement with the two oxidation processes that appear when 
oxidizing the open form and were assigned to the closed form. It is interesting to note that 
irrespective of the number of the electroactive dithienylethene groups (i.e., 6 
dithienylethene units in 8 and 9 and one in model compound 7 in the open form), these 
dithienylethenes show the same reversible cyclic voltammogram at a potential of ca. 0.78 
and 0.90 V [vs SCE]. Owing to a similar redox potential of 8c and 9c corresponds to model 
compound 7, it suggests that the dithienylethene units in 8c and 9c are not electronically 
coupled.5c Thus the redox wave of 8c and 9c can be assigned to a multiple electrons 
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Figure 12. Cyclic voltammetry of a) open form and b) closed form of 9 in 0.1 M 
TBAPF6/CH2Cl2 vs SCE at 0.1 V s-1. 
6.7   Oxidative Cyclodehydrogenation 
6.7.1   Star-shaped dithienylethene-substituted hexaphenylbenzene Towards 
hexadithienylethene-substituted hexabenzocoronene 
 
Hexaphenylbenzene (HPB) derivatives are of particular importance as direct precursors of 
hexabenzocoronene (HBC) derivatives, which are potential candidates for organic 
electronic materials.33 The cyclodehydrogenation of star-shaped dithienylethene-HPB to a 
symmetric dithienylethene- hexabenzocornene may open up new possibilities in the 
molecular modification of this material for organic electronics. Müllen and co-workers34 
have developed an efficient method to prepare hexabenzocoronene by Scholl-type oxidative 
cyclodehydrogenation of branched oligophenylenenes with Cu(II) salts such as CuCl2 and 
Cu(OTf)2 catalyzed by AlCl3.35 However, it is important to note that Lewis acids, in 
addition to favoring the oxidative cyclodehydrogenation of suitable oligophenylenes, 
promote the reversible Friedel-Crafts alkylation also. Thus, under AlCl3 catalysis, 
dealkylation, migration of alkyl side chain, or even chlorination of the aromatic system 
occurs. Optimization of appropriate cyclization conditions provided reasonable yields and 
retention of substitution pattern only when AlCl3 was substituted by weaker Lewis acid 
FeCl3. Use of FeCl3 removes the need for additional oxidant because the oxidation potential 













Scheme 12. General synthetic route to symmetric hexabenzocoronenes.34  
In an attempt to obtain hexadithienylethene-substituted hexabenzocoronene 25 (Scheme 
13), we used the method developed by Müllen and co-workers.34 Treatment of 8 with FeCl3 
in CH3NO2 at room temperature, resulting in the appearence of a deep blue color during the 
reaction mixture which is due to the formation of the closed form radical cation of the 
dithienylethene moieties. After work up of the reaction with MeOH, the crude product was 
characterized by MALDI-TOF mass spectroscopy. Unfortunately, the molecular ion of 
desired product 25 was not observed rather only the molecular ion of the starting materials 
8 was present (Scheme 13).  
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According to the literature,34 while the synthetic protocol for HBC materials (Scheme 12) is 
simple and high yielding, some limitations have been encountered. The R substituent is 
limited by its compatibility with the final oxidation step. For example, electroactive 
moieties such as triaryl amines 26 were excluded, presumably due to the preferential 
localization of charge on the nitrogen as the radical cation as shown in Figure 13.36 The 
selectivity of the cyclodehydrogenation of different substituent groups of 
hexaphenylbenzene core could be related to the stability and reactivity of the radical cations 
formed. Indeed electrochemical oxidation of the open form of the dithienylethene leads to 
the reversible formation of the oxidized closed form of the dithienylethene (vide supra) as 
summarized in Scheme 13. It should be pointed out that the electroactive dithienylethene 
substituted hexaphenylbenzenes 8 and 9 are excluded from the standard FeCl3 oxidative 
cyclodehydrogenation as a result of preferential formation of charge-localized polycationic 
of the dithienylethene species. 
 
Figure 13. Star-shaped triarylamine 26, with six diphenylamine units that are redox active 
sites. 
 
6.7.2   Synthesis of Monodithienylethene Substituted Hexabenzocoronene 27 
 
In the case of monodithienylethene substituted hexaphenylbenzene 1, treatment of 1 with 
FeCl3 yielded the insoluble cyclodehydrogenation product 27 in 43% yield as shown in 
Scheme 14. The very poor solubility of 27 precluded standard 1H NMR and 13C NMR 
characterization, however it was possible to characterize the compound by MALDI-TOF 
mass spectrometry. The MALDI-TOF spectra shows a molecular ion peak at m/z = 1070. 
These results indicate that depending on number of electroactive dithienylethene moieties 
the formation of hexabenzocoronene might be controlled. However, the insolubility of 27 
precluded purification of the crude product, so that well-defined experiments on the 












Scheme 14. Synthesis of mono-dithienylethene substituted hexabenzocoronene 27. 
6.7.3   Electronic and Photochromic Properties of 27 
 
The UV-vis absorption and fluorescence data of compound 27 are summarized in Table 3. 
Figure 14a shows the UV/Vis absorption spectra of the open and closed form of the 
dithienylethene moiety linked to hexabenzocoronene 27. The strong absorption around 360 
nm is assigned to the chromophore consisting of the hexabenzocoronene,37 which dose not 
change much upon irradiation with 365 nm light. The colorless solution of the open form 
turned pale blue, in which a absorption maximum was observed at 603 nm which 
corresponds to the closed form of 27. The photochromic switching of 27 can be performed 
over several cycles without degradation. The emission spectrum of 27 shows the 
characteristic emission band of hexabenzocoronene at 487 nm (Figure 14b).37 However, 
comparison of the emission spectra of the hexabenzocoronene unit of 27 in both open and 
PSS365nm states (λex at 360 nm) shows hardly any change indicating that the 
hexabenzocoronene emission is quenched inefficiently by the dithienylethene moiety. 
Table 3. Absorption and emission spectra of 27 open and PSS365nm 
 Abs λmax / nm (ε /103 M-1cm-1)a Fluorescence λmax / nma 
 
27 open 344 sh (65.9), 361 (128.1), 390 sh (51.8) 487, 519 
27 PSSb 358 (110.3), 388 sh (50.1), 603 (11.8) 487, 519 
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Figure 14. a) Absorption spectra of 27 open (─) and 27 PSS365nm (---), b) Fluorescence 
spectra of 27 open (─) and and 27 PSS365nm (---). Spectra recorded in toluene (ca. 10-6 M). 
6.8   Conclusions 
 
Star-shaped dithienylethene-substituted hexaphenylbenzenes 8 and 9 were synthesized 
successfully by cobalt-catalysed cyclotrimerization. This reaction represents an elegant and 
facile method for the synthesis of hexaphenylbenzene centered multi-dithienylethene 
systems. Compounds 8 and 9 show the same absorption maxima at 602 nm with a large 
molar absorptivity i.e. six times higher than their model compound 7 due to the multiple 
numbers of dithienylethene chromophores (six units of dithienylethene moieties undergo 
photoisomerization upon UV-Vis irradiation). There is no evidence for intramolecular 
interaction between the dithienylethene moieties, which is likely to be due to the twisted 
conformation of hexaphenylbenzene core. The large molar absorptivity at low 
concentration without marked changes in absorption maxima is probably a major advantage 
for the application of dithienylethenes in molecular devices. The use of IR or Raman 
spectroscopy provides opportunities for non-destructive readout. The large intensity 
differences in the Raman spectra between open and closed forms facilitate analysis 
procedure due to the absence of strong C-F bond vibrational modes. Although the direct 
synthesis of monodithienylethene substituted hexabenzocoronene 27 with FeCl3 was 
successful, the insolubility of 27 precludes well-defined study of its photochemical 
behavior. Thus, a further design, which enhances a solubility of the compound, is required. 
Furthermore, the construction of star-shaped dithienylethene-substituted 
hexabenzocoronene 25 is precluded due to the formation of polycations by oxidation of 
dithienylethene units. The hexabenzocoronene core in compound 27 does not disturb the 
photochemical switching of dithienylethene moiety upon irradiation with UV/Vis light. In 
addition, the star-shaped molecules 8 and 9 are amenable to be adsorbed on a surface, 
where it should be possible to be visualized by scanning probe microscopy techniques. The 











our laboratories. Due to the fact that synthesis of star-shaped dithienylethene substituted 
hexabenzocoronene was not successful via the oxidative cycloaddition of 
hexaphenylbenzene core, a new strategy is still required. This could be achieved, for 
instance, by using a hexa(4-iodophenyl)-peri-hexabenzocoronene, the preparation of which 
is well established by the Mullen group38 as a hexabenzocoronene build block and can be 
decorated with rang of useful functional groups. 
6.9   Experimental Section 
See chapter 2 for information on synthesis and general experimental details. FT-IR spectra 
were recorded using UATR sampling accessory, PerkinElmer spectrum 400 FT-IR/FT-FIR 
spectrometer. Raman Spectra were recorded at an excitation wavelength, λexc of 785 nm, 
the samples were used as a solid on gold slides using a PerkinElmer Raman Station 400F 
Raman spectrometer. The preparation of compound 10 has been reported in chapter 2. 
5-(4'-Bromobiphenyl-4-yl)-3-(3,3,4,4,5,5-hexafluoro-2-(5-(4-methoxyphenyl)-2-
methylthiophen-3-yl)cyclopent-1-enyl)-2-methylthiophene (17). t-BuLi (2.6 ml, 1.5 M in 
hexane, 2.6 mmol) was added by syringe to a solution of 10 (1.33 g, 2.6 mmol) in Et2O (80 
ml) under a nitrogen atmosphere at room temperature. After 1h, B(OBu)3 (1.06 ml, 3.9 
mmol) was added and the mixture was stirred for a further 1 h at room temperature. A 
separate flask was charged with 4-bromo-4’-iodobiphenyl 22 (1.88 g, 5.20 mmol), 
Pd(PPh3)4 (91 mg, 0.078 mmol), THF (100 ml), aqueous Na2CO3 (2 M, 20 ml) and ethylene 
glycol (10 drops). The mixture was heated to 80 oC and the preformed boronic ester was 
added slowly. The reaction mixture was heated at reflux overnight, cooled to room 
temperature, diluted with diethyl ether (100 ml) and washed with H2O (100 ml). The 
aqueous layer was extracted with diethyl ether (2 x 100 ml). The combined organic layer 
was dried over Na2SO4. After evaporation of the solvent, the product was purified by 
column chromatography on silica gel (n-heptane) to afford 17 as a white solid. (1.37 g, 
74%). m.p.= 130-135 oC. 1H NMR (400 MHz, CDCl3) δ 1.95 (s, 3H), 1.98 (s, 3H), 3.84(s, 
3H), 6.91 (d, J=8.80 Hz, 2H), 7.16 (s, 1H), 7.32 (s, 1H), 7.47 (d, J=8.43Hz, 4H), 7.60 (m, 
6H); 13C NMR (100 MHz, CDCl3) δ 14.5 (q), 14.6 (q), 55.4 (q), 114.4 (d), 121.2 (d), 121.8 
(s), 122.6 (d), 125.7 (s), 126.0 (d), 126.2 (s), 126.9 (d), 127.4 (d), 128.5 (d), 132.0 (d), 
132.7 (s), 139.2 (s), 139.4 (s), 140.3 (s), 141.5 (s), 142.2 (s), 159.5 (s) EI-MS (m/z): 706.8 
(M+, 100); 704.8 (M+, 97) 
4-Bromo-4'-iodobiphenyl (22). A mixture of 4-bromo-biphenyl 21 (5.5 g, 0.023 mol), 
iodine (12.4 g, 0.048 mol), and diiodine pentoxide (4.7 g, 0.014 mol), 10 ml of carbon 
tetrachloride, and 15 ml of 50% sulfuric acid in 20 ml of nitrobenzene was stirried at 90 oC 
for 48 h. The reaction mixture was poured into methanol (300 ml), and the precipitates were 
collected by filtration to provide a white solid compound 22 (4.9 g, 58 %). Spectroscopic 
data were identical to those reported in the literature.23 
4-Iodo-4'-(phenylethynyl)biphenyl (13). 4,4’-diiodobenzene 15 (5g, 12.3 mmol), CuI 
(0.12g, 0.6 mmol) and Pd(PPh3)2Cl2 (0.21g, 0.30 mmol) were stirred in piperidine (60 ml) 
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reaction mixture over the next 20 min, and stirring was continued for 3 h at 50 oC. Saturated 
aq. NH4Cl was added, and the mixture was extracted twice with toluene. The combined 
extracts were washed with water, dried over Na2SO4, and concentrated to dryness. The 
residue was purified on a silica gel column (4:1 n-hexane-toluene), to give compound 13 as 
white powder in 42% yield. Spectroscopic data were identical to those reported in the 
literature.19 
4-Iodo-4’-(pentaphenyl)biphenyl (11). A mixture of compound 13 (1.00 g, 2.6 mmol) and 
tetraphenyl cyclopentadienone 12 ( 1.10 g, 2.6 mmol) in diphenylether (5 ml) was mixed in 
a screw-capped Pyrex tube, and the tube was placed in a metal bath and heated at 280 oC 
for 2 h. After cooling, the resulting mixture was dissolved in CH2Cl2, and then methanol 
was added until no more precipitate appeared. The precipitate was collected by filtration, 
washed with ethanol and n-hexane, and dried to give compound 11 (1.61 g, 83%) as a white 
solid. m.p. = 350-353 oC 1H NMR (400 MHz, CDCl3) δ 6.87 (s, 27H), 7.07 (d, J= 8.44 Hz, 
2H), 7.16 (d, J= 8.43 Hz, 2H), 7.64 (d, J= 8.80 Hz, 2H) 13C NMR (100 MHz, CDCl3) δ  
92.7, 125.2, 125.5, 125.6, 126.9, 127.0, 128.9, 131.7, 132.3, 136.5, 137.9, 140.0, 140.6, 
140.7, 140.8, 140.9; Maldi-Tof calc. for C48H33I  = 736.1 found (M+Na) = 759.1.  
Compound 7. t-BuLi (0.62 ml, 1.5 M in n-hexane, 0.62 mmol) was added by syringe to a 
solution of 10 (0.31 g, 0.62 mmol) in Et2O (40 ml) under nitrogen atmosphere at room 
temperature. After 1 h, B(OBu)3 (0.25 ml, 0.93 mmol) was added and the mixture was 
stirred for 1 h at room temperature. A separate flask was charged with compound 11 (0.91 
g, 1.24 mmol), Pd(PPh3)4 (21 mg, 0.01 mmol), THF (70 ml), aqueous Na2CO3 (2 M, 10 ml) 
and ethylene glycol (10 drops). The mixture was heated to 80 oC and the preformed boronic 
ester was added slowly. The reaction mixture was heated at reflux overnight, cooled to 
room temperature, diluted with diethyl ether (100 ml) and washed with H2O (100 ml). The 
aqueous layer was extracted with diethyl ether (100 ml). The combined organic phases 
were dried over Na2SO4. After evaporation of the solvent, the product was purified by 
column chromatography on silica gel (n-heptane:toluene=3:2) to afford 7 as a white solid 
(0.35 g, 51%). m.p. = 228-230 oC. 1H NMR (400 MHz, CDCl3) δ 1.95 (s, 3H), 1.98 (s, 3H), 
3.84 (s, 3H), 6.89 (m, 27H), 7.19 (m, 4H), 7.30 (m, 2H), 7.47 (m, 6H); 13C NMR (100 
MHz, CDCl3) δ 14.7 (q), 14.8 (q), 55.6 (q), 114.6 (d), 121.5 (d), 122.5 (d), 125.1 (d), 125.4 
(d), 125.5 (s), 126.0 (d), 126.4 (s), 126.8 (d), 126.9 (d), 127.2 (d), 127.4 (d), 128.5 (d), 
129.3(d), 131.6 (d), 131.7 (d), 132.1 (s), 132.2 (d), 136.7 (s), 140.1 (s), 140.4 (s), 140.5(s), 
140.6 (s), 140.7 (s), 140.74 (s), 140.8 (s), 141.4 (s), 142.1 (s), 142.4 (s), 159.7 (s) Maldi-
TOF (calc. for C70H48F6O6S2 m/z = 1082.3) found 1082.2 (M+) 
(S)-1-Bromo-3,7-dimethyloctane (24). To a solution of (S)-(+)-8-bromo-2,6-dimethyl-2-
octene bromide 23 (2 ml, 10 mmol) in EtOAc (15 ml) was added PtO2 catalyst (40 mg, 
0.176 mmol). H2 gas was bubbled through the solution slowly for about 30 min and the 
reaction mixture was left under H2 atmosphere overnight. The suspension was filtered 
through Celite, washed with diethyl ether, and the solvent was removed under vacuum, 














Compound 17 (0.32 g, 0.45 mmol) was dissolved in 20 ml of dichloromethane. BBr3 (0.2 
ml, 2.2 mmol) was slowly added. The mixture was stirred for 24 h. The reaction mixture 
was quenched by water and the reaction mixture was extracted with dichloromethane (2 x 
20 ml). The organic layer was washed with water and dried over MgSO4. After evaporation 
of the solvent, the product was further used in the next step without purification. The solid 
was dissolved in 25 ml of acetone and anhydrous K2CO3 (0.20 g, 1.4 mmol) was added 
under argon atmosphere. After 10 min stirring, compound 24 (0.3g, 1.4 mmol) was added 
dropwise via a syringe while the solution was heated at reflux. The reaction mixture was 
subsequently stirred under reflux for 24 h. After cooling down to room temperature, 100 ml 
of water were added. The product was extracted with dichloromethane, the organic layer 
was dried over MgSO4 and filtered, and the solvent was evaporated. The product was 
purified by column chromatography on silica gel (n-heptane) to obtain compound 18 as a 
green solid (0.21 g, 57%). m.p. 105-108 oC 1H NMR (400 MHz, CDCl3) δ  0.87 (d, J=6.6 
Hz, 6H), 0.95 (d, J=6.6 Hz, 3H), 1.13-1.35 (m, 6H), 1.61 (m, 2H), 1.84 (m, 2H), 1.95 (s, 
3H), 1.98 (s, 3H), 4.01 (m, 2H), 6.90 (d, J=8.8 Hz, 2H), 7.16 (s, 1H), 7.32 (s, 1H), 7.47 (m, 
4H), 7.60 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 14.5 (q), 14.6 (q), 19.63 (q), 22.6 (q), 
22.7 (q), 24.6 (t), 27.9 (d), 29.8 (d), 36.1 (t), 37.3 (t), 39.2 (t), 66.5 (t), 115.0 (d), 121.1 (d), 
121.8 (s), 122.6 (d), 125.6 (s), 125.9 (s), 126.0 (d), 126.8 (d), 127.4 (d), 128.5 (d), 132.0 
(d), 132.7 (s), 139.2 (s), 139.3 (s), 140.2 (s), 141.5 (s), 142.3 (s), 159.1 (s) Maldi-TOF 
(calc. for C43H41F6OS2 = 831.8) m/z = 831.6 (M+) 
1,2-Bis(4'-(4-(3,3,4,4,5,5-hexafluoro-2-(5-(4-methoxyphenyl)-2-methylthiophen-3-
yl)cyclopent-1-enyl)-5-methylthiophen-2-yl)biphenyl-4-yl)ethyne (19).  
Route 1 An 8 ml thickwalled sealed tube with teflon-coated magnetic stir bar was fitted 
with a rubber septum and flame dried under vacuum. The tube was purged with dry argon, 
and charged with PdCl2(PPh3)2 (4 mg, 6 mol%), CuI (1.8 mg, 10 mol%) and starting material 
17 (70 mg, 0.1 mmol) in dry benzene 2 ml. Argon-sparged DBU (88 μl, 6 equiv) was then 
added by syringe, followed by a purge of the reaction tube with argon. Distilled water (1 μl, 
40 mol%) was added by syringe, and the septum was removed. Immediately, ice-chilled 
ethynyltrimethylsilane (7 μl, 0.50 equiv) was added by syringe and the sealed tube is 
capped tightly. The reaction tube was submerged in a 60 oC mineral oil bath, blocked from 
incidental light, and left stirring at a high rate for 18 h, at the end of which the tube was 
removed from the oil bath and cooled to room temperature. The reaction mixture was 
partitioned in diethyl ether and distilled water (20 ml each). The organic layer was washed 
with 10% aq. HCl (3 x 10 ml), saturated aq. NaCl (1 x 10 ml), dried over MgSO4, and the 
solvent removed by evaporation. Product 19 was purified by silica gel column 
chromatography (10% EtOAc:n-heptane) to provide in 18% yield, 15 mg of a solid. 
Route 2 To a solution of compound 17 (1.09 g, 1.54 mmol), and Pd(PPh3)4 (0.16 g, 0.30 
mmol) in dry toluene 30 ml under argon atmosphere was added dropwise 
bis(tributylstanyl)acetylene (0.42 g, 0.7 mmol). The reaction mixture was refluxed for 24 h. 
After cooling, the solvent was removed under reduced pressure and the residue purified by 
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green solid (67% yield). m.p.= 180-185 oC. 1H NMR (400 MHz, CDCl3) δ 1.96 (s, 6H), 
1.99 (s, 6H), 3.84 (s, 6H), 6.92 (d, J=8.80 Hz, 4H), 7.17 (s, 2H), 7.34 (s, 2H), 7.47 (d, 
J=8.79 Hz, 4H), 7.63 (m, 16H); 13C NMR (100 MHz, CDCl3) δ 14.5 (q), 14.6 (q), 55.4 (q), 
90.2 (s), 114.4 (d), 121.2 (d), 122.4 (s), 122.6 (d), 125.7 (s), 126.0 (d), 126.6 (s), 126.8 (d), 
126.9 (d), 127.5 (d), 132.1 (d), 132.7 (s), 139.7 (s), 140.0 (s), 140.3 (s), 141.5 (s), 141.6 (s), 
142.2 (s), 159.5 (s). Maldi-TOF (calc. for C70H46F12O2S4 m/z=1274.2), found =1274.1 (M+) 
1,2-Bis(4'-(4-(2-(5-(4-((S)-3,7-dimethyloctyloxy)phenyl)-2-methylthiophen-3-yl)-
3,3,4,4,5,5 hexafluorocyclopent-1-enyl)-5-methylthiophen-2-yl)biphenyl-4-yl)ethyne 
(20). To a solution of compound 18 (0.48 g, 0.57 mmol) and Pd(PPh3)4 (60 mg, 52 μmol) in 
dry toluene 10 ml under argon atmosphere was added dropwise 
bis(tributylstannyl)acetylene (0.15 g, 0.26 mmol). The reaction mixture was refluxed for 24 
h. After cooling, the solvent was removed under reduced pressure and the residue purified 
by column chromatography (silica gel 10%EtOAc:n-heptane) to afford 0.29 g of 20 as a 
green solid (66% yield). m.p. = 114-119 oC. 1H NMR (400 MHz, CDCl3) δ  0.87 (d, J=6.6 
Hz, 12H), 0.95 (d, J= 6.23 Hz, 6H), 1.15-1.30 (m, 12H), 1.61 (m, 4H), 1.85 (m, 4H), 1.96 
(s, 6H), 1.98 (s, 6H), 4.01 (m, 4H), 6.91 (d, J= 8.43 Hz, 4H), 7.16 (s, 2H), 7.34 (s, 2H), 7.46 
(d, J= 8.43 Hz, 4H), 7.63 (s, 16H); 13C NMR (100 MHz, CDCl3) δ 14.5 (q), 14.6 (q), 19.6 
(q), 22.6 (q), 22.7 (q), 24.6 (t), 27.9 (d), 29.8 (d), 36.1 (t), 37.3 (t), 39.2 (t), 66.5 (t), 90.2 
(s), 114.9 (d), 121.1 (d), 122.4 (s), 122.6 (d), 125.7 (s), 125.9 (s), 126.0 (d), 126.7 (d), 126.8 
(d), 127.5 (d), 132.1 (d), 132.6 (s), 139.6 (s), 140.0 (s), 140.2 (s), 141.5 (s), 141.6 (s), 142.3 
(s), 159.1 (s) Maldi-TOF (calc. for C88H82F12O2S4 m/z = 1526.5) found 1526.2 (M+) 
Compound 8. Compound 19 (0.3 g) was dissolved in 10 ml dioxane, the mixture was 
purged by bubbling with argon for 30 min and Co2(CO)8 (16 mg) was added and the 
reaction mixture was heated at reflux for 7 h. The reaction was stopped and the solvent was 
removed under vacuum. The residue was purified by column chromatography (EtOAc:n-
heptane=3:2) to provide 0.13 g (44%) of 19 as a green solid. m.p.= 125-129 oC 1H NMR 
(400 MHz, CDCl3) δ 1.92 (s, 18H), 1.95 (s, 18H), 3.82 (s, 18H), 6.90 (d, J=8.80 Hz, 12H), 
7.04 (d, J=8.06 Hz, 12H), 7.22 (m, 24H), 7.44 (m, 36H); 13C NMR (100 MHz, CDCl3) 
δ 14.4 (q), 14.5 (q), 55.3 (q), 114.4 (d), 121.21 (d), 122.2 (d), 125.2 (d), 125.7 (d), 125.9 
(s), 126.2 (s), 126.9 (d), 127.1 (d), 131.9 (s), 132.0 (d), 136.8 (s), 140.0 (s), 140.2 (s), 141.1 
(s), 141.8 (s), 142.2 (s), 159.5 (s) Maldi-TOF (calc. for C210H138F36O6S12 m/z = 3824.6) 
found 3824.6 
Compound 9. Compound 20 (0.21 g) was dissolved in 10 ml dioxane, the mixture was 
degassed by bubbling with argon for 30 min and 9.6 mg of [Co2(CO)8] were added. The 
reaction mixture was heated at reflux for 7 h. The reaction was stopped and the solvent was 
removed under vacuum. The residue was purified by column chromatography (toluene:n-
heptane=1:4) to yield 0.14 g (66%) of product 9 as a green solid. m.p. 127-130 oC.  1H 
NMR (400 MHz, CDCl3) δ  0.87 (d, J= 6.6 Hz, 36H), 0.94 (d, J=6.6 Hz, 18H), 1.10-1.40 
(m, 36H), 1.61 (m, 12H), 1.85 (m, 12H), 1.90 (s, 18H), 1.93 (s, 18H), 4.01 (m, 12H), 6.89 
(d, J= 8.43 Hz, 12H), 7.01 (d, J=8.07 Hz, 12H), 7.15-7.26 (m, 24H), 7.45 (m, 36H). 13C 
NMR (100 MHz, CDCl3) δ  14.45 (q), 14.54 (q), 19.63 (q), 22.59 (q), 22.70 (q), 24.64 (t), 











(d), 125.16 (d), 125.66 (s), 125.73 (d), 125.90 (s), 126.85 (d), 127.16 (d), 131.99 (d), 
136.84 (s), 139.91 (s), 140.01 (s), 140.16 (s), 140.27 (s), 141.22 (s), 141.78 (s), 142.29 (s), 
159.05 (s). Maldi-Tof calc. for C264H246F36O6S12 m/z = 4581.5, found 4581.4 
5-(4-(Hexabenzocoronen-2-yl)phenyl)-3-(3,3,4,4,5,5-hexafluoro-2-(5-(4-
methoxyphenyl)-2-methylthiophen-3-yl)cyclopent-1-enyl)-2-methylthiophene 27. 
Compound 7 (100 mg) was dissolved in 50 ml CH2Cl2. Throughout the whole reaction a 
constant stream of argon was bubbled through the mixture to remove HCl formed in situ. A 
solution of 0.53 g (36 eq) of FeCl3 in 1.5 ml CH3NO2 was added dropwise and the mixture 
was stirred for 1.5 h at room temperature. Methanol 100 ml was added to quench the 
reaction, resulting in a dark precipitate. The precipitate was collected and washed with 
methanol until the filtrate was colorless, dried under reduced pressure to give 43 mg of 
insoluble product 27 (43%). MALDI-Tof (TNCQ as matrix): calc. for C70H36F6OS2 m/z = 
1070.2, found 1070.5. 
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